Understanding the degradation of a blue phosphor at the atomic level by Amidani, Lucia et al.
 	
 !"#!"$%&''()&'(+')(,(-.')/0'/)&1234145674,81(+-6-'(,-&9:234,(:30&1-03(90(-;<)&69&948)42(=1(0')4930-')/0'/)(>,&59('3-,&9::69&,30-.')/0'/)(4?,&'()3&1-@AB$CD#E$DC"FDG#!H"I#I!$J#CDICDAIBCKD$DAK!BC$LFEK @M N@M H 	
 OPQROROSOTUVOWORRURPQRTPRUPRUWXYZZ\]^ _Z` abcadY]^ X]^ a e
 		  !"!# !$%&"'" & &$"'!$%(#!#"!(! )*+,-./.01+2/244/1+2)1.-5,26*7**-5)891*9:;51-0*/*<*-)=5*/*+)16*>=?2@54*+)?.5+.4@+.<71-*9A1),2;B=6154?.7*1)A25C.8-9),2)1??2912)1.-1-98+*5.D192)1.-.CE8FG2-9),*C.?<2)1.-.CH1/*?+*-)?*5),2),2<4*??*<21-1-0E8FG).*<1): IJKLMNNPQRSNTUVWUXMQRLQRU MYZM[YZMLV\JI]VXYNULY^YXMYZM[YZMLVN[NXLQRUYXVLQPXLPQN_`TZUNLYV` TUaaWUT` YXVbcdef gdhcefideedjh kdlkfm nmopqgrmirmstffjmrjkuvltfmsfjegriqmrtfljgwmliflxyz{}~~{{y{y~qclmqcltmelfidedmdgfgdhcejecdmsgrmm}~y{~zy{}yy{}{{{{y{y~ y~y }{y~~{{~yz~y}~y{~y~~{yzystwmergresljsfjetredljmlxrxfrelidsqftsfjecffgfsetljdsdjeftrsedljmdjecfqrtedrgwgfkkrjkxmcfgprjkecfdjuvfjsflxecfjfrtfmejfdhclvtdjhrelimndrecfgdhrjkfgkopstfref~}~{{yy~y{}y{yz{{ecffjfthwkdftfjsffeffjecfhtlvjkmerefrjkecftmefsdefkmerefmdmrxffbcfjecf}{{y{y{~{{y{{y~{{y~{}yz{zyy~{zysrjffideefkdjecfkffsderedljsrmsrkfcfmerdgdewlxecfgdhcefideefkvjkftltdjhy~yz{y{z~{zz ¡tlgljhfkdttrkdredlj¢mrtf{y~y£¤¤¤¤z}~{ilkdsredljmreecfrelidsgffgecrekfhtrkfecfgvidjfmsfjsff¥sdfjswcdmdmecfsrmf{yz{}y{}{{zz¦~§¨©¤ª©«{yz¬­®¦¨ §¯¬zzmffmdemtdhcegvfgvidjfmsfjsftfkmcd°rjkkfhtrkfr°ftqtlgljhfkfqlmvtfelvgetrdlgfe fsderedljgdhcecfrgeftredljrsedjhreecf~y}{{yz~y{{¦¨ §¯¬{~~yz~{{{y~y{{{~{~~yy y yz{{~~y yz{zyy~~yz{{{ y~{}{z~}~{~yz{~yy{z~{{{{F±²¡ljfecfgfmmprmredmxrseltw{~~yyz{{~~y{yidmmdjhkfrgwpljflvgkmdivgerjflvmgwqtlfyz{{{yyy{yz{}{{y{y{rjkecfgvidjfmsfjsff¥sdfjswcdgfdjkvsdjhqtlhtfmmdfkfhtrkredljcdmdjfmedhredljrm{{y{}{³´Fµ{yyz{¶~~~{yz{~{{yyy{~{y~y{yz{}{{{~~~rssfgftrefkmlvtsflxkrirhfdhcfjfthw tfmlgvedlj uvltfmsfjsf kfefsefkno·trwrmltqedljjfrtfkhfmetvsevtfn·ormifrmvtfkreecfr¸ {{¶~~~y~~¹º{y}{y{y }y~{ ~»{ {} {y~¼108?* ½¾cfr·tfirdjfkvjscrjhfkr°ftrjdttrkdredljedifecretfkvsfkecfgvfgvidjfmsfjsfelgfmmecrj¿Àlxecfdjdedrgrgvfp~yyz~yyz{yy{yz{zy~yy{rmjlekfhtrkfklsvmdjhljecfvklqrjemprmftdfmlxxrme·rsÁvdtfkreecfv¸¼10: ½¾ÂÃz{}{yz{{{}{y~{yy{yyz{}{{{{}yy{yz{~}{¶~~~yrjkecf·reecfmrifedifv­®~y{{djv¸fkhf·rjk{~~y{}{{{}y~{}{~{yz~ dmmqfsetlifeft
 	
	
 
	

 !"#"$%&'"("!)"* +!,( $)(-"$%.%"(+"!%/!"0&"*.1!""1"!!,"&"#%!#23"!"0%"#,(+"%%,$-"%4""$1"!!,"&"#%!#$*$%1"!!,"&"#%!#$ %-&%"  $&' "*-'$5" %)%$)%"#!#%"! %#%"(+"!%/!".*"+"$*"$%+,$,$"$"!)" %%"#"$%!"$*"*)",1%"!&,/$6,$"0!" +"#%5"&'2789 :;<:=;<:>?A879 B?CDEFGHIFJKHKGLMFKNOPNKPNQLNKPRFKSJTUVWXYVZ\]^ _` abcbdeLNRJOfRJgOhi	MFGHKFjHkhlilJgIRJLIjmkhnininJJOjmkhioHKGNgFKGNKjHhPkhpi iFqmJMjmkh	iNFqNgFKrjGkhiJNeMHKjmkhi iMNIjmkHKGieHIsNejHkh tuvwxz{|v}x~bcbbcbcbdGJFiHPOiPRNMMHINgimi{w{v{}|wv||{|v v v¡¢uv|£¤v}¡|¥¦v§w ¨}§{ tuvw¡|}¥{t{|{¥¡¡ v¥v¨¡|||v}©{w{|v}{¡ v v£|}v u|£¤v}¡|¥ªuv©v|uv}{¡tv¡vz{||v}{¨|v}{ v¡v¥v¨¡|||v}©{w{|v}{¡ v v£|}v u|£¤v}¡|¥ªuv©v|uv}{¡«¬i iMNIHKGnininJJOh©{|xz{|v}x­®h¯jki«¬ipJ°NHKG	iiFHsh±xwx­²~h¯j³ki«¬iH°OJKv|{xtuvwxz{|v}x­®h¯j³kiµ´¶·¸ ¶´¹º´ ¼½º¶¸¹¾¶¿·¹·À¹¼¾Á¿µÂÃÄÅÄÃÄÆÇÄÈ?É;BÊ>;D;É:;<:=;<:>? ËÌ_ËWËÍË]aËÌÎÏ]ÎWW]Ì]ÎX\W]YÌaÐXÑÌÒËÒUVÓÎXUVÔÓÕ)/!"­²ÖÒV__ËÒÎ\_ÎÏ]ÎÎÏÒPJLeGmNIRNPHLONTJgeLMFKNOPNKPNGNSgHGHIFJKiJ PJggNeHIN JEFGHIFJK HKG GNSgHGHIFJKhÎÏË Z]ÑZVZ X×UVÓ ]ØÒXWYÎX\ ]\Ì ÎÏËaVZ\ËÒÙË\ÙËÌVW\_ËÑYXÒVWËÎXÚÛW]ÐÒÜËWËOHMfeNG OFMLeIHKNJLOeÝiRN PJMfHgFOJK JTÎÏËÌËÙ]ÐÎZËÒX×ÎÏËaVZ\ËÒÙË\ÙË\ÎË\ÒÎÐ]\ÌX×ÎÏËXÑÌ]ÎX\X×UVÓWËÍË]aËÌÎÏ]ÎÎÏËaVZ\ËÒÙË\ÙËÌËÙWË]ÒËÒ]Î]ÙX\ÒÌËW]ØaÐ×]ÒÎËWgHINiKHGGFIFJKhHTgHPIFJKJTLÓÌXY]\ÎÒ]WË gNOFOIHKIIJJEFGHIFJKiRLOhfJINKIFHeÝNMFIIFKSUVÓÙË\ÎWËÒ]WËÒÎaYWËÒË\Î\ÎÏËÒ]ZYaËÜÏaËeLMFKNOPNKPNFOoFgILHeÝsNgJiEFGHIFJKFOKJIÒXaËaÐWËÒYX\ÒØaË×XWÎÏËÌË_W]Ì]ÎX\]\ÌXÎÏËWfgJPNOONOHgNFKoJeoNGiJPeHgFTÝIRFOfJFKIhHJKINHgeJOFMLeHIFJK°HOfNgTJgMNGIRHIhFKHÞgOIOINfhMJGNeNGIRNUVÓXÑÌ]ÎX\ØÐW]\ÌXZ ÚÛW]ÐËÍË\ÎÒÏÎÎ\_HOLmeHIIFPNJTHHKGLHIJMOiNPJKGeÝhHßVË\ÙÏ\_ÒYÏËWËÙË\ÎWËÌX\ÎÏË\ËÜaÐ×XWZËÌUVÔÓÜ]Ò\ÎWXÌVÙËÌÎXÒZVa]ÎËÎÏË×XWZ]ÎX\X×]àaËWÙË\ÎWËÙaXÒËÎXÎÏËUVÔÓÎÏ]Î\ÌVÙËÒaVZ\ËÒÙË\ÙËßVË\ÙÏ\_X×UVÓX\Ò\ÒÌËÎÏËOfRNgNiRNGNPHÝfgJÞeNOJTLÓÍ]aË\ÙËÙÏ]\_Ë]\ÌX×ØaVËaVZ\ËÒÙË\ÙËÜËWËÜËaWËYWXÌVÙËÌmÝIRNOFMLeHIFJK°FIRHáLNKPRFKSgHGFLOJT³âÕ)/!"­²kiRFOoHeLNFOPJMfHIFmeN°FIRIRNUVUVÌÒÎ]\ÙË]ÎÜÏÙÏaVZ\ËÒÙË\ÙËËZÒÒX\ÌËÙWË]ÒËÒØËÙ]VÒËË\ËW_ÐÒËÑÙÏ]\_ËÌØËÎÜËË\FMfLgFIFNOgHIRNgIRHKmNFKSNMFIINGiã\ ÙX\ÙaVÒX\ÒZVaÎ]\ËXVÒaÐ ZË]ÒVW\_ ÎÏËËaËÙÎWX\Ù ÒÎWVÙÎVWË ]\Ì ÎÏË aVZ\ËÒÙË\ÙËËZÒÒX\ ÌVW\_YWX_WËÒÒÍËÌË_W]Ì]ÎX\ Ï]ÒWËÍË]aËÌÎÏ]ÎÎÏËÌË_W]Ì]ÎX\X×ÎÏÒËVWXYVZÛÌXYËÌYÏXÒYÏXWÒÌVËÎXÎÏËY]WÎ]aXÑÌ]ÎX\X×UVÓ]\ÌÎXÎÏËÒZVaÎ]\ËXVÒ×XWZ]ÎX\X×àaËWÙË\ÎWËÒÎÏ]ÎßVË\ÙÏÎÏËWËZ]\\_UVÓeLMFKNOPNKPNPNKIgNOiÕ)2­²äRNGNPHÝJTUVÓÚ` åUYË]àØaVË]\ÌX×ÎÏË\ÎË_W]ÎËÌaVZ\ËÒÙË\ÙËØa]ÙàÌVW\_WW]Ì]ÎX\]WËÙXZY]WËÌÎXÎÏËWËÒVaÎÒX×ÎÏË^ X\ÎËæ]WaXOFMLeHIFJKjgNGeFKNOki K IRN TNggJNeNPIgFP j kF ÎÏË×ËWWXËaËÙÎWÙÎÐ]WÒËÒ×WXZ ÎÏËÎaÎX×ÎÏËßV]ÒÛX\ËÛÌZË\ÒX\]abçÙÏ]\Ò×XWZËÌØÐèÎËÎW]ÏËÌW]aV\ÎÒÕ)/!"­²®\ÒËÎé­êYWXÍÌ\_HKHeINgKHIFoNIJfNgJoOrFINëIÝfN OhOLPRHOFKmFÔJgF NÔÜÏËWËÎÏË×ËWWXËaËÙÎWÙÎÐ]WÒËÒTgJM IRNPHIFJK JìëPNKIgFKSiRNONÞKGFKSO WËÙË\ÎaÐXYË\ËÌÎÏËÜ]ÐÎXÜ]WÌÒÎÏËË\_\ËËW\_JTKN°INIgHRNGgHëmHONG OiRNOJífRJKJKMJGNFKh°RFPRGgFoNOIRN IgHKOFIFJKHIªtÙXWWËÒYX\ÌÒÎX]ÎXWÒX\X×ÎÏËèLKFIOHeJKSIRNINIgHRNGgHePRHFKOiRNTgNNsFKSJTIRFOfRJKJK°HONoFGNKPNGHIIRN
